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2QH RI WKHPDMRU E\SURGXFWV RI WKH VWHHO SURGXFWLRQ LQGXVWU\ LV (OHFWULF$UF )XUQDFH ($) VODJ ,Q WKH ILHOG RI
UHVHDUFKDQGGHYHORSPHQWDQGLQFRRSHUDWLRQZLWKWKHODERUDWRU\RI(*1$7,$2'266$WKHFXUUHQWVWXG\IRFXVHV
RQ WKH PHFKDQLFDO SURSHUWLHV RI HOHFWULF DUF IXUQDFH VODJ DV XVHG LQ WKH WKLQ SRURXV VXUIDFLQJ RI (JQDWLD 2GRV
KLJKZD\7KHLQVLWXPHDVXUHPHQWVUHIHUWRWZRKLJKZD\VHJPHQWVFRQVWUXFWHGLQ-XO\DQG$XJXVW7KH
GDWD FROOHFWHG LV FRPSDUHG WR WKH LQLWLDO UHVXOWV RI WKHPL[WXUH VWXGLHV DQG WKH EHKDYLRXURI WKHZHDULQJ FRXUVH LV
H[DPLQHG LQ WKH WLPHVSDQRIDQGPRQWKVVXEMHFW WRQRUPDO WUDIILFDQGHQYLURQPHQWDOZHDWKHULQJ7KHGDWD
REWDLQHG UHIHUV WR WKUHH W\SHVRIPHDVXUHPHQWV VNLG UHVLVWDQFHPDFUR WH[WXUHGHSWK DQGSHUPHDELOLW\7KH UHVXOWV
VKRZPLQRUGLIIHUHQFHVLQEHWZHHQLQLWLDODQGODWHUPHDVXUHPHQW7KHGDWDLVDOVRFRPSDUHGWRVNLGUHVLVWDQWOD\HUV
ZLWK QDWXUDO KDUG DJJUHJDWHV ZKLFK ZHUH FRQVWUXFWHG DW WKH VDPH WLPH SHULRG DQG ZHUH VXEMHFW WR LGHQWLFDO
HQYLURQPHQWDODQGWUDIILFFRQGLWLRQVRQWKH(JQDWLD2GRVKLJKZD\&RPSDULVRQLVPDGHWRDVWXG\RQWKH3$7+(
KLJKZD\ZLWKVLPLODUVNLGUHVLVWDQWZHDULQJFRXUVHVRIDVSKDOWLFFRQFUHWH%RWKUHVXOWVVKRZWKHVXLWDELOLW\RI($)
VODJ DJJUHJDWHV WR IXOO\ VDWLVI\ WKH WHFKQLFDO VSHFLILFDWLRQV7KH FRPSDULVRQ WRZHDULQJ FRXUVHVPDGHZLWKQDWXUDO
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LQGXVWU\ 7KH SURGXFWLRQ DQG LWV XVH DUH IULHQGO\ WR WKH HQYLURQPHQW ZKLOH FRQWULEXWLQJ LQ WKH
PDQXIDFWXUH RI VDIHU KLJKZD\V &RDUVH DJJUHJDWHV IRU ELWXPLQRXV PL[WXUHV IURP ($) VODJ KDYH EHHQ
SURGXFHG IRU WKH*UHHNPDUNHW VLQFH7KHXVHRI($)KDVEHHQ IRXQG WREH VXFFHVVIXO 3UDSLGLV

7KH VNLG UHVLVWDQW($) VODJ DJJUHJDWHV DUHSURGXFHGZLWKPHWKRGV IULHQGO\ WR WKH HQYLURQPHQW DQG
DFFRUGLQJ WR WKH (XURSHDQ 'LUHFWLYH RI ,33& ,QWHJUDWHG 3ROOXWLRQ 3UHYHQWLRQ DQG &RQWURO
)XUWKHUPRUHWKHXVHRI($)VODJIRUURDGFRQVWUXFWLRQLVD%HVW$YDLODEOH7HFKQLTXH%$7DQGXQGHU




7HFKQLTXHV %$7 LQ6LQFH0D\ DOOPHPEHU VWDWHV LQFOXGLQJQHZPHPEHUV DUHREOLJHG WR
FRPSO\ZLWK WKH GLUHFWLYH ERWK H[LVWLQJ DVZHOO DV QHZ LQGXVWULDO LQVWDOODWLRQV 7KLV FRPSHOV WKH VWHHO
PDQXIDFWXULQJFRPSDQLHVWRPLQLPLVHZDVWHUHVXOWLQJIURPWKHSURGXFWLRQSURFHVV
'XH WR WKH QHHG IRU DGDSWDWLRQ WR (XURSHDQ UHJXODWLRQV DQG HQYLURQPHQWDO GHYHORSPHQWV 6LGHQRU
6$ WKH PDLQ VWHHO PDQXIDFWXUHU LQ *UHHFH VRXJKW VROXWLRQV IRU FRPSOHWH FRPSOLDQFH IRU LWV VWHHO
PDQXIDFWXULQJ SODQWV 3DUW RI WKH LPSURYHPHQW GHFLVLRQ ZDV WKH HVWDEOLVKPHQW RI $(,)2526 6$
DLPLQJ DW WKH UHF\FOLQJ RI DOO VWHHO SODQW E\SURGXFWV DQG WKH GHYHORSPHQW DQG SURGXFWLRQ RI QHZ
SURGXFWV($)VODJSURGXFWLRQE\WKH6,'(125JURXSLVVXFKDQH[DPSOH
6ODJDJJUHJDWHSURGXFWLRQ
$JJUHJDWH IRU ELWXPLQRXVPL[WXUHV ZLWK ($) VODJ KDYH EHHQ SURGXFHG IRU WKH*UHHNPDUNHW VLQFH
 7KH SUDFWLFH LV IXOO\ DSSOLHG DQG LQWHUQDWLRQDOO\ DFFHSWHG LQ PRVW (XURSHDQ FRXQWULHV IRU PDQ\
\HDUVEXWKDVRQO\UHFHQWO\EHJXQWRHVWDEOLVKLWVHOILQ*UHHFH&HUWLILHGDFFRUGLQJWR(1WKHVNLG
UHVLVWDQW DJJUHJDWHV KDYH EHHQ IRXQG WR EH H[FHOOHQW VXEVWLWXWHV WR QDWXUDO KDUG DJJUHJDWHV 7KH PDLQ
DGYDQWDJHRI($)VODJDJJUHJDWHLVLWVH[FHOOHQWPHFKDQLFDOSURSHUWLHVWKDWVDWLVI\ERWKLQWHUQDWLRQDODQG
GRPHVWLF VSHFLILFDWLRQV IRU LQFRUSRUDWLRQ LQWRELWXPLQRXVPL[WXUHV IRU VNLG UHVLVWDQW OD\HUV DQG VXUIDFH
WUHDWPHQWV6WRFNHWDO-RQHV7KHXVHRIVXFKDJJUHJDWHV IRUKLJKZD\FRQVWUXFWLRQRIIHUV
WKH DGYDQWDJH WKDW QHZO\ FRQVWUXFWHG URDGV DUH RI HTXLYDOHQW TXDOLW\ DQG VDIHW\ ZLWK WKRVH RI RWKHU
(XURSHDQFRXQWULHVDQGFRQWULEXWHWRZDUGVDVDIHUURDGQHWZRUN0RW]
)XUWKHUPRUH ZKHQ FRPSDUHG WR QDWXUDO DJJUHJDWHV ($) VODJ DJJUHJDWH SUHVHQW WKH DGYDQWDJH RI
TXDOLW\ VWDELOLW\ DQG FRQVWDQW FKHPLFDO FRPSRVLWLRQ VLQFH WKH UDZ PDWHULDO LV SURGXFHG GXULQJ WKH
FRQWUROOHG LQGXVWULDO SURFHVV RI VWHHO PDQXIDFWXULQJ 7KH SURGXFWLRQ RI FRDUVH DJJUHJDWH IRU URDG
FRQVWUXFWLRQ IURP ($) VODJ LV ILQDQFLDOO\ YLDEOH IRU WKH SURGXFHU DQG HFRQRPLFDOO\ DWWUDFWLYH WR WKH
FXVWRPHU 3DVHWWR  VLQFH FRPSDUDEOH SURGXFWV DYDLODEOH WR WKH *UHHN PDUNHW DUH LPSRUWHG
$QDVWDVLRX
6FUDSPHWDO LV WKH UDZPDWHULDO IRU DOO VWHHO SURGXFWLRQ LQGXVWU\ LQ*UHHFH ,QLWLDOO\PHWDO SDUWV DUH
VHJUHJDWHGWKURXJKDVKUHGGHU2QO\WKHIHUURXVPDWHULDOLVWUDQVIHUUHGWRWKHIXUQDFHIRUPHOWLQJWRJHWKHU
ZLWK OLPHDQGRWKHUDGGLWLYHV7KH OLPHFRPELQHVZLWK WKH VLOLFDWHV DOXPLQXPPDJQHVLXPR[LGHVDQG
IHUULWHVWRIRUPWKHVWHHOIXUQDFHVODJ6ODJLVSRXUHGIURPWKHIXUQDFHWKURXJKDKDWFKLQDPROWHQVWDWHDW
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DWHPSHUDWXUHRIDSSUR[LPDWHO\R&FROOHFWHGDQGVWRFNSLOHGZKHUHLWLVFRROHG7KHUDSLGFRROLQJRI
VODJJLYHVWKHVSHFLILFDPRUSKRXVSKDVHVQHFHVVDU\IRUWKHDFTXLULQJRIH[FHOOHQWPHFKDQLFDOSURSHUWLHV
$IWHUFRROLQJ WKHVODJLV WUDQVSRUWHGIRUIXUWKHUPHFKDQLFDO WUHDWPHQW$WWKLVSRLQWVODJFHDVHVWREHD
VWHHOLQGXVWU\E\SURGXFWDQGEHFRPHVUDZPDWHULDOIRUWKHSURGXFWLRQFRPSDQ\
5HVHDUFKGHVFULSWLRQ
(*1$7,$2'266$LV WKHFRPSDQ\UHVSRQVLEOH IRU WKH VXSHUYLVLRQRIFRQVWUXFWLRQRSHUDWLRQDQG
PDLQWHQDQFHRIWKH(JQDWLDKLJKZD\7KH\KDYHDGRSWHGDWKLQVXUIDFLQJRIDVSKDOWLFFRQFUHWHFPLQ
WKLFNQHVVDFFRUGLQJWRDUWLFOH67RI7HFKQLFDO6SHFLILFDWLRQV+HOOHQLF0LQLVWU\IRUWKH(QYLURQPHQW
7KH WKLQ VXUIDFLQJPDLQ FKDUDFWHULVWLF LV WKHRSHQJUDGHGGHVLJQ UHVXOWLQJ LQ WRDLU YRLGV LQ WKH
FRPSDFWHGPL[7KHVSHFLILFDWLRQVWDWHVWKDWERWKJUDYHODQGVDQGPXVWEHIURPWKHVDPHKDUGDJJUHJDWH





DQGGXVW ILOOLQJDLUYRLGV UHGXFLQJEHQHILFLDU\HIIHFWVRI LQFUHDVHGPDFURWH[WXUH HQHFHVVLW\RIFORVH






DOO WKH LQLWLDO WHVWV KHOG GXULQJ FRQVWUXFWLRQ7KH WHVWV LQFOXGHG DJJUHJDWH DQG DVSKDOW SURSHUW\ WHVWLQJ
DVSKDOWPL[0DUVKDOOWHVWLQJSHQHWUDWLRQDQGVRIWHQLQJDVZHOODVPXOWLSOHLQVLWXPHDVXUHPHQWV'XULQJ
WKH VHFRQG WLPH SHULRG LH EHWZHHQ -DQXDU\ DQG )HEUXDU\  ILHOGPHDVXUHPHQWV ZHUH REWDLQHG WR
LGHQWLI\WKHHQYLURQPHQWDODQGWUDIILFZHDWKHULQJRIWKHWKLQVXUIDFLQJFRQVWUXFWHGHQWLUHO\ZLWKHOHFWULF








DQG VSHFLILFDOO\ IRU WKH SDUW EHWZHHQ WKH1\PIRSHWUD DQG5HQWLQD -XQFWLRQV 7KH SDUW RI WKH KLJKZD\
H[DPLQHGLVVKRZQLQILJXUH







($) VODJDJJUHJDWHV$V(JQDWLD LVDFORVHGKLJKZD\ WKH WUDIILFYROXPH LV WKH VDPHEHWZHHQDGMDFHQW
MXQFWLRQVLHDW1\PIRSHWUDDQG5HQWLQD7KHVDPHHQYLURQPHQWDOWUDIILFDQGZHDWKHULQJFRQGLWLRQVKDV
DOORZHGFRPSDULVRQRIWKHWZRVXUIDFLQJV
7KH XQLTXHQHVV RI WKH UHVHDUFK OLHV SULPDULO\ LQ WKH H[DPLQDWLRQ RI ZDWHU FRROHG VODJ DJJUHJDWHV
LQFRUSRUDWHGLQWKHELWXPLQRXVPL[WXUHLQORFDOHQYLURQPHQWDODQGWUDIILFFRQGLWLRQV6LPLODUSHUIRUPDQFH
FKDUDFWHULVWLFV IRU VODJV LQ *UHHFH DUH QRQ H[LVWHQW 0RUHRYHU PHFKDQLFDO SK\VLFDO DQG FKHPLFDO
SURSHUWLHV RI VODJV GLIIHU VLJQLILFDQWO\ DW HYHU\ VWHHO SODQW PDLQO\ GXH WR YDULDELOLW\ RI UDZ PDWHULDO
TXDOLW\RIVFUDSPHWDODVZHOODVTXDOLW\RIDGGLWLYHVVXFKDVOLPHFDUERQDQGRWKHUPHWDOOXUJLFDOIOX[HV
LQ WKH VWHHO SODQW $SDUW IURP UDZ PDWHULDOV LQ WKH SURGXFWLRQ SURFHVV RI VWHHO ZKLFK DIIHFW FKHPLFDO
FRPSRVLWLRQ KRW VWDJH SURFHVVLQJ RI VODJ RU LQ FRQWUDVW WKH DEVHQFH RI LW FDQ DOWHU DOO SURSHUWLHV RI
HQJLQHHULQJ LPSRUWDQFH 8QWUHDWHG VODJV FDQ HYHQ SUHVHQW DGYHUVH EHKDYLRU VXFK DV &6 GULYHQ
GLVLQWHJUDWLRQ H[WHQVLYH YROXPH H[SDQVLRQ RU FKURPLXPKHDY\ PHWDO OHDFKLQJ 6SHFLILF FKHPLFDO
FRPSRVLWLRQDFFRPSDQLHGE\DSSURSULDWHFRROLQJSDWKVFDQWDLORUVODJWRDFHUWDLQDSSOLFDWLRQ'XULQFN
)RUWKHDERYHUHDVRQVSHUIRUPDQFHFKDUDFWHULVWLFVRIVODJVPXVWEHH[DPLQHGHVSHFLDOO\LQFDVHV
ZKHUH QHZ VSHFLILFDWLRQV IRU KLJKZD\ VXUIDFLQJV DUH HPSOR\HG DQG SURMHFWV RI KLJK VLJQLILFDQFH DUH
FRQVWUXFWHG &RPSDULVRQ EHWZHHQ FRPPRQ SUDFWLFH LH FRPSDULVRQ EHWZHHQ VXUIDFLQJ ZLWK VODJ DQG
VXUIDFLQJZLWKQDWXUDOKDUGDJJUHJDWHVLVGHHPHGDVWKHDSSURSULDWHPHWKRGIRUWKHH[DPLQDWLRQ









6LHYHVL]HPP 3DVVLQJ 6SHFOLPLWV 6LHYHVL]HPP 3DVVLQJ 6SHFOLPLWV
     ±
  ±   ±
  ±   ±
  ±   ±
  ±   
  ±   ±
  ±   ±


































LQFOXGHGGHWHUPLQDWLRQRI UHVLVWDQFH WR IUDJPHQWDWLRQDQG FUXVKLQJ /RV$QJHOHVFRHIILFLHQW DJJUHJDWH
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DEUDVLRQ YDOXH ILQHV TXDOLW\ IRU VDQG PHWK\OHQH EOXH WHVW UHVLVWDQFH WR SROLVKLQJ SROLVKHG VWRQH
YDOXHZDWHUDEVRUSWLRQDQGDSSDUHQW VSHFLILFJUDYLW\7KH UHVXOWVDQGVSHFLILFDWLRQ OLPLWVDUH OLVWHG LQ
7DEOH
7DEOH$JJUHJDWHPHFKDQLFDOSURSHUWLHV
'HVFULSWLRQ 6SHFLILFDWLRQ 5HVXOW 6SHFLILFDWLRQOLPLW
$SSDUHQWVSHFLILFJUDYLW\ $$6+727  
:DWHUDEVRUSWLRQFRDUVH $$6+727  
:DWHUDEVRUSWLRQVDQG $$6+727  
/RV$QJHOHV (1  
0HWK\OHQH%OXH0% ,66$7%  
0HWK\OHQH%OXH0%I (1  
3ROLVKHGVWRQHYDOXH %63DUW  !
$JJUHJDWHDEUDVLRQYDOXH %63DUW  





6DPSOH 'DWH 3HQHWUDWLRQ 6RIWHQLQJ
   
   
   









WKH VXUIDFLQJ ZLWK VODJ DJJUHJDWHV WKH DYHUDJH YDOXHV IRU PDFURWH[WXUH GHSWK ZHUH  PP DQG 
VHFRQGVIRUSHUPHDELOLW\
,QVLWXPHDVXUHPHQWV
,QVLWX PHDVXUHPHQWV GHWHUPLQHG VXUIDFH IULFWLRQDO SURSHUWLHV WH[WXUH GHSWK DQG SHUPHDELOLW\ 
PRQWKVDIWHUFRQVWUXFWLRQ$OOGDWDZDVFROOHFWHGLQWKHULJKWODQHRIWKHWZLQODQHKLJKZD\PIURP
WKH VLGH OLQH LHZKLFK UHFHLYHV WKHKLJKHVW WUDIILF ORDG7KHPHDVXUHPHQWVZHUH WDNHQDW DGLVWDQFHRI
WRPDSDUWLQERWKGLUHFWLRQVRIWKHKLJKZD\HDVWERXQGDQGZHVWERXQG
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)LJ659YDOXHVIRUWKLQVXUIDFLQJPDGHZLWK($)DQGDQGHVLWLFDJJUHJDWHLQZHWFRQGLWLRQV







DJJUHJDWH$V LOOXVWUDWHG LQ ILJXUHDIWHUPRQWKVRIQRUPDO WUDIILFNLQJ WKH($)VODJDJJUHJDWHVDUH







LQ VLPLODU FDVHV RQ WKH 3$7+( KLJKZD\ /LDSLV  ,Q WKH FDVH RI 3$7+( KLJKZD\ EHWZHHQ
<OLNL DQG$J.RQVWDQWLQRV ZHUH VLPLODUPHDVXUHPHQWV WRRN SODFH LQ  DQG  RQ D FP WKLFN
VXUIDFLQJ ZLWK VODJ WKHUH ZDV DQ LQFUHDVH LQ 659 RI DSSUR[LPDWHO\  7DEOH  7R LGHQWLI\ WKH
GLIIHUHQFH EHWZHHQ WKH WZR W\SHV RI DJJUHJDWHV WKH DIILQLW\ RI ELWXPLQRXV ELQGHU ZDV GHWHUPLQHG
DFFRUGLQJWR(1











 3$7+(6NRWLQD±.DWHULQL    
 3$7+(6NRWLQD±.DWHULQL    
 3$7+(6NRWLQD±.DWHULQL    
 3$7+(6NRWLQD±.DWHULQL    
 3$7+(6NRWLQD±.DWHULQL    





7KHSHUPHDELOLW\RI WKH WZR W\SHVRI VXUIDFLQJ OD\HUV GLIIHUHG VLJQLILFDQWO\ DV WKH DYHUDJHYDOXH IRU
SHUPHDELOLW\ZDVVHFIRUVODJDQGVHFIRUQDWXUDOKDUGDJJUHJDWH
7DEOH3HUPHDELOLW\RIWKLQVXUIDFLQJV
VWSDLU   QGSDLU 
3RVLWLRQ 3HUPHDELOLW\LQVHF  3RVLWLRQ 3HUPHDELOLW\LQVHF
)RU($)VODJVXUIDFLQJ  )RU($)VODJVXUIDFLQJ
    
    
    
    
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7DEOH $JDLQ WKH DYHUDJH+6 YDOXHV IRU VODJ OD\HU +6VODJ PP DUH KLJKHU WKDQ WKH RQHZLWK
QDWXUDO DJJUHJDWHV +6DQGHVLWH PP7KHPHDVXUHPHQWVZHUHKHOGDFFRUGLQJ WR$670( IRU
PHDVXULQJ PDFURWH[WXUH GHSWK XVLQJ YROXPHWULF WHFKQLTXH 'HVSLWH WKH IDFW WKDW ERWK VXUIDFLQJV ZHUH
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